The emergency physician sees a wide range of musculoskeletal injuries in the pediatric and adolescent population. The most significant difference between the immature skeleton in this population and the mature adult human skeletal system is the presence of a physis or growth plate. Composed of proliferating cartilage cells between the metaphysis and epiphysis of growing bones, this area lacks inherant mechanical strength, and is therefore more susceptible to trauma than the surrounding ossified bone. Injuries to the physis can occur at any age before physeal closure, but are most common during periods of rapid skeletal growth. Although problems after injury to the physis are uncommon, missed injuries to this area can lead to premature closure with resultant focal bone growth arrest. Fortunately, fractures across the physis usually occur in a predictable pattern. Knowledge of these patterns is key for the emergency physician to avoid this potential orthopedic pitfall.
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EPIDEMIOLOGY
Physeal injuries have been reported to account for between 15% and 30% of all skeletal injuries in children, [1] [2] [3] [4] occurring most commonly after the age of 10. 4, 5 Approximately 80% of physeal injuries will occur between the ages of 10 and 16 years, with a median age of 13 years. 6, 7 Injuries to the physis occur much more frequently in boys than girls, reflective of the overall increased incidence of musculoskeletal injury in this population, as well as later development of skeletal maturity in boys as opposed to girls. 6, 8 The distal radius is the most common anatomic site of physeal injury, accounting for 30% to 60% of cases. 6, 7, [9] [10] [11] [12] Physeal injuries occur most frequently in April through September when children are more likely to be playing outdoors. 8
PATHOPHYSIOLOGY
The physis is the fundamental mechanism of endochondral ossification (Fig 1) . The primary function of the physis is rapid, integrated longitudinal bone growth. As such, injuries to the physis are unique to the skeletally immature patient. The growing physis consists of 4 distinct zones, listed in order from the epiphysis to the metaphysis: the zone of resting cells, the zone of proliferating cells, the zone of hypertrophic/maturing cells, and the zone of provisional calcification. It is the third zone, the zone of hypertrophic/ maturing cells that is the weakest link in the physis, and consequently the zone where a cleavage plane is most likely to pass. The nutrient blood supply to the physis comes predominantly from the epiphysis. Normal growth and maturation at the physis is dependent on this intact vascular pathway. [13] [14] [15] [16] Although several classification systems exist to describe physeal injuries, the Salter-Harris classification system is used most frequently. This classification scheme, described by the investigators in 1963, is based on the extent of involvement of the physis, epiphysis, and the joint. 9 The higher the Salter-Harris fracture classification number, the greater the chance of physeal arrest and joint incongruity. This is predominantly attributable to the fact that higher Salter-Harris fractures (III, IV, and V) are much more likely to injure the vascular supply to the physis. 9, 16 The classic patterns described by Salter and Harris, and later modified by Ogden 17 are as follows (Fig 2) :
Type I
Type I fractures are seen most frequently in infants and toddlers. The injury mechanism generally involves a shearing, torsion, or avulsion movement-essentially producing a separation through the physis (Fig 3) In these injuries, which represent 6% of all physeal fractures, the epiphysis in effect separates from the metaphysis. There is no osseous fracture to the epiphysis or metaphysis. The line of cleavage runs through the hypertrophic zone of the physis, with the growing cells remaining on the epiphysis, in continuity with their nutrient blood supply. Because of this fact, SalterHarris I fractures usually carry a good prognosis, and infrequently result in any growth disturbances.
Type II
Salter-Harris II injuries are the most common type encountered, accounting for 75% of physeal injuries. 5, 9, 11 The line of fracture runs through the hypertrophic cell zone of the physis and then out through a segment of metaphyseal bone (Fig 4) . The segment of metaphyseal bone is referred to as the "Thurston-Holland" sign or fragment. As with type I fractures, growth is usually preserved, because the repro-ductive layers of the physis maintain their connection to the epiphysis and their nutrient blood supply.
Type III
The hallmark of a Salter-Harris type III fracture is an intraarticular fracture of the epiphysis with extension through the hypertrophic cell layer of the physis (Fig 5) . Type III fractures are relatively rare, accounting for approximately 10% of physeal injuries. 5, 9, 11 The prognosis for normal bone growth is generally good, but more guarded than with type I or II injuries. The chance for growth disturbance is related to preservation of blood supply of the epiphyseal bone fragment. The greater the displacement and/or fragmentation, the greater the chance for blood supply disruption and subsequent growth disturbance. 5, 9, 11, 18 Type IV A Salter-Harris type IV fracture line originates at the articular surface, crosses the epiphysis, extends through the full thickness of the physis, and exits through a segment of the metaphysis (Fig 6) . Type IV injuries are seen most commonly at the lower end of the humerus. 9, 11 Like type III injuries, type IV injuries represent approximately 10% of all physeal fractures. 5, 9, 11 As with type III fractures, future growth disturbance is at risk, dependent on the degree of blood supply disruption from the epiphysis.
Type V
Salter-Harris type V injuries are fortunately the most rare fracture pattern (they account for approximately 1% or less of physeal injuries 5,9,11 ), as they are by the far the most likely injury to result in focal bone growth arrest. 3, 4, 5, 9, 11 These injuries occur most frequently at the knee or ankle, and are the result of a severe abduction or adduction injury that transmit profound compressive forces across the physis. This resultant axial compression crushes the physis, and specifically injures the cells of the reserve and proliferative zones. With a type V fracture, usually there is minimal or no displacement of the epiphysis. Type V injuries are most often diagnosed in retrospect, once a bone growth abnormality has been identified on serial radiographs. 19 
DIAGNOSIS

Clinical Presentation
In terms of evaluating and treating orthopedic injuries in the skeletally immature patient, the emergency physician needs to maintain awareness that the physis represents the weak link in this patient population. The ligaments of children have more relative strength and are more compliant than those of adults, often tolerating mechanical forces at the expense of epiphyseal integrity. The physis will separate or fracture before disruption or "spraining" of the adjacent strong, flexible ligament, and the same injury that will result in a ligament injury or even joint dislocation in the adult patient population, will frequently result in physeal injuries in children.
History and physical examination will lead the examiner toward the diagnosis. A fall on outstretched hand (FOOSH) is a typical mechanism for physeal injuries to the distal radius. 8 Abduction, adduction, and twisting mechanisms are frequently encountered with lower extremity physeal injuries. Notably, acute trauma is not always necessary for physeal injuries. Repetitive stress injuries can also damage the physis, as is seen in the little leaguer's shoulder syndrome. 20 On physical examination, findings can range from subtle to obvious injury. Point tenderness over a physis is reason enough to suspect a growth plate injury, regardless of subsequent radiographic findings. With type I and type V injuries, the history and physical examination are particularly key, as there may be no significant findings appreciated on x-ray film. Salter-Harris type V fractures are often not apparent or diagnosed until subsequent bone growth abnormalities occur. 18 
Radiographic Findings
Injuries to the physis can be difficult to detect because it is a radiolucent structure. An acute fracture involving only the physis can occur without any radiographic abnormality. They can also appear as a widened physis. Careful correlation with clinical findings and the selective use of contralateral comparison films will help to minimize errors in the diagnosis. Type II, III, and IV fractures are usually evident on plain x-ray film. Types I and V can be radiographically occult in the acute setting. Type V injuries may show a joint effusion on plain films, but this is a nonspecific finding. 5, 18 Numerous adjunctive studies that can be used when physeal injury is clinically suspected, but radiographs are negative have been identified in the literature. Judicious use of stress radiography, frequently under orthopedist supervision can be helpful in the acute setting. Ultrasonography, bone scintiography, and magnetic resonance imaging (MRI) have all been advocated for the assessment of these injuries. [21] [22] [23] [24] [25] As initial treatment is unlikely to change based on these advanced studies, however, their use in the emergency department is usually not warranted.
TREATMENT
If the diagnosis of "sprain" is being entertained the emergency physician in the skeletally immature patient, the practitioner should question why this injury does not represent a Salter-Harris injury. With negative radiographs and point tenderness over a physis, it is prudent to treat these patients as if they have Salter-Harris type I injury. It is equally prudent to counsel the parents and patients regarding the potential for future growth abnor- malities, even with minor injuries. Parents should be counseled that treatment is being given for the "worst case" scenario, and it may well turn out that their child does not have a fracture, but that this can only be determined with serial radiographs.
Treatment for type I injuries consists of splint immobilization, intermittent icing, and elevation. Referral to an orthopedic surgeon for re-evaluation and follow-up is warranted, and the prognosis with type I injuries in most cases is good. Type II injuries, if there is no angulation or significant displacement of the fracture fragment, can be similarly managed with splinting and outpatient follow-up. The prognosis for this type of fracture is also excellent. Type III fractures usually require an orthopedic consultation in the emergency department, as it is critically important to achieve anatomic alignment of the epiphyseal fracture fragment for both blood supply maintenance and joint congruity. Near perfect alignment of the articular surface is a critical factor in attempting to assure a good outcome from these injuries. Open reduction and internal fixation techniques are frequently required in these types of fractures. Type IV injuries have an even higher likelihood of requiring operative intervention to achieve anatomic reduction than type III injuries. These injuries, even with good reduction, carry a significant risk of growth disturbance. 5, 9, 11 Type V injuries carry the worst prognosis, and focal bone growth arrest can be anticipated with these fortunately rare fractures. When diagnosed, orthopedic consultation is war- ranted. Usually affecting the lower extremities, patients with type V injuries are usually casted and kept nonweightbearing.
SUMMARY
Orthopedic injury is a frequent occurrence in the pediatric and adolescent patient population. When orthopedic injury is coupled with a skeletally immature patient, growth plate injury can result. The emergency physician needs to maintain a high level of suspicion for these injuries, even in the face of negative radiographs. Although bone growth abnormalities are relatively rare after physeal injury, early recognition and appropriate management will help to minimize this orthopedic pitfall.
